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NOMENCLATURE

Jet inlet area, 3q ft

Jet area at impeller, sq ft

Jet test section area, 38q ft

Inlet drag coefficient, D;/(0.5pw 1 Vo’)
Inlet 1ift coefficient, L,/(0.5pw 1 V,?)
Model drag, 1b

Hull drag, 1lb

Inlet drag, 1b, D -Dh = Dp

Momantum drag, 1lb, vao

Impeller diameter, ft

Acceleration of gravity, 32.174 ft?/sec
Atmospheric pressure head, 33.08 ft
Pressure head induced by the impeller, ft
Vapor pressure, of water, 1.0 ft

Iniet velocity ratio, VI/Vo

Inlet loss coefficient, (V,*/2g - Pr tot)/(VT‘/ag)
Inlet length, ft :
Model lift, 1b

Hull 1lirft, 1b

Inlet 1lift, 1b, L - Ly,

Static pressure head at test section, ft
Total pressure head at test section, ft
Mass flow rate tL..ough jet, cfs

Ram pressure recovery (Pp ...)/(V,"/28)
Test section velocity ratio, Vr’vo

Inlet velocity, fps, Q/A

Freestream velocity, fps

Test section velocity, fps, Q/Aq

Inlet width, ft

Mass density of water, lb-sect/ft*
Cavitation Invex, (Hg., * Pr stat Hv‘p)/(vT'/2¢)

el 1
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INTRODUCTION

A simplified mcdel of a waterjet was designed and built at Davidson
Laboratory, Stevens Institute of Technology to evaluate the performance of
several waterjet configurations suitable for installation on a high water
spead amphibian landing craft. The objective of this experimental study
was to investigate alternative combinations of inlet length and transition
length and to use these data to design an optimum waterjet system with
minimum losses. A 1:5.367 scale model having four interchangeable inlets
and three transition sections was used and model tests were conducted to
determine the flo: rates, pressure distributions, and losses existing in the
waterjet. Tests were conducted in the Davidson Laboratory Tank 3 facility
in October and November of 1986. Portions of the testing were witnessed by
Mr. John Hoyt, Ccde 1562, DWTNSRDC. All preliminary test results were
previously submitted to Code 1562 and have been used in a design of a full
scale waterjet., The study was funded by Code 12 of DWTNSRDC and
administrated under Office of Naval Research Contract NOOO14-83-C-0780.

MODEL

The test model was designed to simulate a waterjet installaticn in a
proposed high water speed amphibian vehicle being daveloped bty Code 12 of
DWTNSRDC. The amphibian is designed with a large fully retractable transom
flap to increase the vehicle length when water-borne and to decrease the
trim in the humo sreed region. The size of Lhe flap is such that the
waterjet system can be completely installed within its geometry. When ths
flap is fully retracted for land operation, the waterjet system is rotated
to a vertical position at the transoa. X

The purpose of this model study was to provide data on the preasures,
velocities, and losses through the intake and transition region up to the
impeller. These data would then be used to design the full scale watarjet.
The model test impeller and drive motor were selected to provide the
required flow quantities through the inlet and transition sectiona of the
waterjat. No attempt was made to represent the full scale impeller. Figure




TR=-2566

1 shows a sketch of the model and test apparatus. The scale of this model
was 1:5,367 and was selected based on using a satock propeller existing at
*he Davidson Labecraterv, which corresponded to the projected diameter of the
full scale impeller, Detailed characteristics of the model are given in
Table 1. The model hul)l was constructed in two parts, forward and aft of the
hinge point. 7T forward section was constructed of clear acrylic plastic
and representsﬁ bottom of the amphibian. The aft section of the model
was constructed of PVC and represents “he retractable transom flap which
houses the waterjet system. Both sectiions had zzro degree deadrise with the
aft section inclined downward 4 degrees relative to the forward section,
This corresponds to the optimum flap setting determined by model tests of
the bare hull at DWTNSRDC. These tests also showed that the optimum running
trim of the forebody was at 10 degrees with the resulting trim of the
transom flap at 14 degrees. These conditions were set in the model for all
test runs.

The waterjet was composed of six separate sections as shown in Figurs
2: the inle%t, with static pressure taps I2, I3 and I4 in the wall; the
transition section with static pressure taps Ti, T2 and T3 in the wall; the
circular test section with 6 Prandtl tubes in the flow; the diffuser; the
impeller section with two static pressure taps H! and H2 ahead and astern of
the impeller; and the exit ducting. The test model was constructed 3c “hat
various combinations of inlet and transjition sections could easally be
installed. .

Inlets: The baseline inlet design was the so-called Stevens inle.
which had previously been used in a manned-model tesc craft during the
initial stages of the waterjet development program (References 1, 2 and 3).
This was the longest of the four inlets tested and is shown in Figure 3.
This inlet has a maximum cross-section width of 16.1 inches.

In an attempt to develbp shorter inlels which could be more raadily
installed in the fixed length transom flap, DWTNSRDC developed three
additional, but shorter inlets which are shown in Figures 4, 5, and 6.
These inlets are 21.25" wide. In addition to being shorter than the Stevens
inlet, the leading edge of each DWTNSRDC inlet rizsas above the trailing
edge. These three inlets are identified as the 21/2.50, 27/0, and 21/0
inlets, where the first number refers to the full scale length of the inlet
and the second number rufers to the rise of the leading edge above the

P OO P
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tangent to the uppar surface of the aft 1lip of the inlet, ighty grit
sandpaper was attached to this lip to provide turbulence stimulation to the
ilow entering the inlet, _

Transition: Thruee interchangeable transition sections were molded
from PVC and were mounted in an aluminum frame, The transition sections
transaferred the fiod from the squace section of the inlet to the round
section of the impeller. These transitions mocdeled 6, 6, and 10 inch full-
scale transition lengths.

Test Section: The test section was located immediately a,ter the
transitions. This section contained a row of Prandtl tubes to measure the
velocity profiie at the location ol the prototype impeller. Ports were
located in the test section to allow the Prandtl tutes to be set at three
angular positions as seen in Figure 7.

Diffuser: The diffuser section transferred the flow from a 3 inch to
a 4 inch diameter duct where the test impeller was located. This impeller
was housed in a brass section carrying the shaft bearing on a cruciform
strut,

Exit Ducting: Aft of the diffuser and i{mpeller duct s the exit
ducting. This ducting divv .ed the flow out the sides of the test craft 30
that the waterjet would not impart any thrust to the model, allowing thre
hydrodynamic drag to be measured directly.

INSTRUMENTATiON

Forces: Model lift and drag were measured using 3 multi-component
balance fitted with linear-variable, differential transformers. The
capacity of the balance allowad for measurements of up to 500 1b drag and
1000 1b 1ift.

Shaft Speed: The model impeller was belt driven by a 5 hp motor. The
cifferential diameters between the moto. and impeller shafts provided a 1.75
ratio impeller spesed increase to allow for testing at up to 5100 rpm. The
motor control box contained & frequency to voltage convertar, which provided
a voltage pruporticnal to motor speed. This voltage was :alibrated against
the motor rpm using a strobe light.

Lk it
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Fressure Measurements: _Preasure taps were connected to diaphragm-
type, differential pressure gages (Schaevitz Pressure Transducer
Model P-3091) with water-filled flexible tubing. Since zero values for all
data channels were taken with the model at rest in the water, the pressure-
transducer zeros represent a head of water equal to the submergence of each
pressure tap., This head was calculated within the data processing program
based on the model attitude and the location of each pressure tap. The
static head for each tap with the model at 14 deg trim and 11 inch draft can
be found as follows:

head,ft = 11/12 - [X * sin(14 deg) + Z * cos(14 deg)j/12

Table 2 gives the horizontal distance (X) forward of the transom and
the vertical distance (Z) above the baseline, in inches, for each pressure

tap location.
PHOTOGRAPHY

All test runs were recorded on a VHS videocassette. The caméra was
set up to show a tow-quartering viaw. Above water photographs of the model
and apparatus appear in Figures 8 and 9.

TEST PROCEDURE
Jet Velocity Calibration

The jet velocity was determined from a velocity survey of the test
section and calibration of the bollard pull velocities. The velocities were
measured with a rake of 6 Prandtl tubes inserted into the test section ut
three angular orientations: in the vertical plane (0 degrees), at 45 degrees
and in the horizontal plane (90 degrees) so that pressure readings were
obtained at 18 radial and angular locations within the test section as is
shown in Figure 7. The flow was assumed to be symmetric about the
centerplane so the pressures measured at k5 degrees were mirrored to the
opposite side. These pressures were integrated over the test section to
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determine an average pressure and thereby an average integrat~d velocity
through the waterjet. The integiration method employed in determining the
average pressure in the section assumed that the pressures were constant in
each radial segment of the annulus as follows:

Pavg = L (P3+Pi)/2%(.68752-.2325%) +
(P2+P5)/2%(1.06252-.68752) +
(P1+P6)/2%(1.50002-1.0625%) 1 / (1.50002-~.23252)

This calculated flow was then compared to the actual flow measured
through the waterjet. To obtain a direct measurcoment of the tlow, a PVC
pipe was attached to each waterjet exit to redirect the flow into the
docking basin. The actual mass flow rate through the jet was measured by
recording the time required to fill the docking basin. Figure 10 shows the
calculated flow rates and the measured flow rates plotted against the
impeller rpm. These data are tabulated in Appendix A along with the
pressure distributions used to develop the integrated flow rates, Frona
these data the relatiunship between actual and integrated flow rates was
determined to be:

Actual flow rate = Integrated average flow rate - 0.04 cfs

The close agreement between measured and computed flow rates indicates
that the rethod chosen to integrate the pressure distribution within the
test section is valid. This relationship was applied Lo each test condition
to determine the flow rates presented in thia report. The flow ratea for
each inlst/trarsition comdbination and nominal impelier rpu are summarized in
Table 3. While running the model tests, the impeller rpm cou’d not be
precisely 6ontrolled but was within i+ 50 rpm of the set value. No attempt
was made to correct for this rpm variation batween runs. Reaults are
tabulated in terms of the nominal rpm. The inlet velocity ratio (IVR) and
test section velocity (TVR) deterained from these flow rates are given in
Table 4. The velocity ratios are defined as the veloocities in the inlet or
test section as a fraction of the free stream velocity; i.e. IVR = ?}/vo and
TVR = Vo/ V.
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Bollard Pull

Bollard pull tests were conducted in the docking basin to determine
the model 1lift and drag forces and pressure distributions in the waterjet
ducting at zero model speed. A semi-circular, U-shaped fairing was fitted
around the sides and aft end of the inlet during the bollard pull tests to
smooth the flow entering into the duct and prevent flow separation along the
bottom of the inlet. Once steady-state conditions were established at the
desired impeller rpm, the data were averaged over a 10 second period.

Before testing at each configuration, a clear plexiglass box was
placed in the exit stream to determine the degree of aeration in the flow by
observing the passage of air bubbles. A small degree of aeration in the
flow was present but was Jjudged to have a minimal effect on the model data,

Ahead Speed

The test ¢craft was towed at a constant speed of 26.5 fps. This {s the
same 3peed at which the prototype vessel will operate. Since the model
waterjet impeller will be experiencirg the same velocity as is present iIn
the full scale, no expansion of the data wa; required. It must be noted
that the lift and drag data presented in this report apply to the model test
craft and not to the prototype vessel. The model was fixed in surge, sway,
heave, roll, pitch and yaw. The trim ¢ the bajeline was set at 1l degrees
corresponding to the full scale c¢raft running at 10 degrees with the transom
flap defiected 4 degrees. The model heave was adjusted to a transom draft
of 11 inches. This draft allowed unaerated flow to enter the inlet while
keeping much of the forward section of the hull out of ths water.

Model forzce and pressure distribution data were taken and averaged
over a 50 foot length of model travel after the test oraft had accelerated
to steady speed. Approximately 10 minutes were allowed to pass betwesn
successive runs to allow a surface skimmer to quiet the tank surface.

Three runs were made at each test condition to allow for an angular
survey of the pressures in the test section. Therefore, three sets of inlet
pressures, transition pressures, model 1lift, and model drag data wsre taker.




TR-2566

To determine the effect of the inlet alone on the vessel lift and
drag, tests were run with the inlet covered by a flat plate at the design
speed of 26.5 fps. These readings were compared with the test runs with the
pump operating to determine the effec” of inlet flow on the 1lift and drag.

E undary Layer

Testes were conducted to determine the depth of the boundary layer
ahead of the inlet., A Prandtl tube located in front of the inlet was used
to determine the water velocity at varying depth frcm the hull at the design
speed, with and without the impeller running.

TEST PROGRAM

Tests were conducted in Davidson Laboratory Tank 3, 313 ft x 12 ft x
5.4 ft deep. Each inlet and transition combination was tested at three
impeller rpm's for both bollard pull (0 fps)-and design speed (26.5 fps) to
cover the range of inlet velocity ratios expected for the prototype vessel.
To complete the velocity survey, three runs were made 2t each condition,
wWwith the Prandtl tubes in the test section set at 0 deg (top), U5 deg
vdiagnal) and 90 deg (side). The following combinations were tested:

Basic Test Program

Inlet Transition Model Speed Nominal Impeller
length, in fus rpm

Stevens 8 0 2200, 2800, 3600
26.5 3600, 4300, 5100

21/2.50 6, 8, 10 0 2800, 3600, 4300
26.5 3600, 4300, 5100

27/0 6, 10 0o - 2800, 3600, 4300
26.5 3600, 4300, 5100

21/0 6,10 0 2800, 3600, 4300
26.5 3600, 4300, 5100

Boundary Layer Tests
Boundary layer te¢ its were conducted at the following conditions, with
the Prandtl tube located 4-1/2 inches ahead of the inlet and 9 inches aft of
the calm water surface intersection with the hull.
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Similariy, the change in lift induced by the inlet was determined by
subtracting the bare hull lift, Ly, from the measured lift.

Li-L-Lh

where L1 = inlet 1lift
L = measured lift (with pump operating)
Lh = bare hull 1ift

Both the inlet lift and inlet drag results were non-dimensionalized by
the inlet width, length and free stream velocity to develop the
coefficients given in the tables and plotted in Figures 11 and 12. These
figures show average coefficient values for every group of three runs at the
same condition. Several runs contain spurious data. In these cases, the
drag and lift coefficients plotted are the average of the two good runs at
that condition., The 21/2.50 inlet shows the greatest reduction in drag
while the Stevens inlet shows a slight increase in drag at the lower
velocity ratios (Figure 11). The model inlet drag for all the inlets varied
from about 10 to -10 1lbs, Ali the inlets exnhibited very similar performance
with regard to decrease in 1lift, The lift coefficients varied from about
-0.5 at an IVR of 0.95 to -0.8 at an IVR of 1.2.

The relative performance of the waterjet configurations may be
evaluated on the basis of two kay coefficients; K, and RDPR.

Kot is a loss coefficient related to the pressure drop occurring in
the inlet and transition sections and is defined as follows:

Kot = (V2728 = (Pp ¢o) / (Vo?/28)

A low loss coefficient indicates high efficiency. These coefficients
ar2 tabulated in Table 8 and are plotted versus the teat section velocity
ratio in Figure 13 for each inlet and transition length. The Stevens inlet
shows the lowest loss coefficient of 0.19 at the design TVR of 1.4, The
27/0 inlet is next best with loss coefficients of abcut 0.25. The 21/2.50
inlet has loss coeflicients varying from between 0.27 and 0.30 for the three
transition lengths of 6, 10 and 8 inches. The 21/0 inlet shows the worst
performance by far having 10ss coefficients of 0.37 and 0.40 at the q.aign
TVR for the 6 and 10 inch transition lengths respectively.
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RPR is the ram pressure recovery at the test section. A RPR cof 1.00
indicates that all the energy available in the free stream flow has been
recovered and is available to do work; this coefficient is a measure of the
inlet anc¢ transition efficiency and is defined as:

A summary of the coefficient is given in Table 9. These coefficients
are plotted against the test section velocity ratio in Figure 14. This
figure shows that the Stevens inlet has the highest recovery ratio of 0.62
while the 21/0 inlet has the lowest of about 0.25 at the design test section
velocity ratio of 1.40. The 27/0 inlet has a RPR of 0.52 with transition
length having little effeat on the inlet performance. The 21/2.50 inlet has
recovery ratios of 0.42 to 0.47 at the design TVR. |

An additional parameter that is of interest in evaluating these inlets
is the cavitation index, o, in the test section where the prototype
impeller will be located,

g = (Hatm + PT atat - Hvap)/(sz/ZR)

When this index falls below a critical value, cavitation will occur.
o ls tabulated in Table 10 and plotted in Figure 15 as a function of the
test section velocity ratio. These results show that the Stevens inlet 1is
least likely to cavitate with ¢ = 0.78 and the 21/0 inlet is most
Susceptible to cavitation with ¢ = 0.54 at the design TVR of 1.40.

BOUNDARY LAYER RESULTS AND DISCUSSION

Results of the boundary layer study ahead of the inlet are given in
Table 11. These results give the velocity profile at varying distance from
the hull bottom for two inlet velocity ratios; IVR = 0 and IVR = 1.16. The
veloclity distribution is shown in Figure 16. As expected, with an IVR of
1.15, a positive pressure gradient in the flow develops and the local
measured velocity exceeds the free stream velocity (u/U > 1.0). With zero
pressure gradient in the flow (IVR = 0), the boundary layer thickness,
defined as u/U = 0.99, is 0.265 idchee. model scale.

10
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CONCLUSIONS

The Stevens inlet with an 8 inch transition section showed the best
overall performance. This good performanze can be attributed to its
relatively long inlet length compared to the cther inlets tested. The
Stevens inlet had the highest ram pressure recovery ratio, lowest loss
coefficient and was the least susceptible to cavitation of all the inlets.
However, it did suffer a slight increase in drag at the lower inrlet velocity
ratios.

The 27/0 inlet had the lowest losses and highest recovery ratio of the
three DWTNSRDC inlets. The 21/2.50 inlet showed the greatést reduction in
drag of all the inlets and better performance than the 21/0 inlet.

The inlet length is of primary importance in the efficiency of the
waterjet configuration. The 27/0 inlet showed an increase in efficiency of
approximately 52 percent over the 21/0 inlet. 1Inlet rise is also very
important, shown by the 35 percent improvement in performance of the 21/2.50
inlet over the 21/0 inlet. The lengtit of transition does not ceem tO
significantly effect the inlet efficiency, lift and drag charanteristics or
likelihood of cavitation.
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TABLE 1

MODEL CHARACTERISTICS
(X = 1:50367)

Test Craft

Length

Breadth

Baseline Trim
Transom Draft
Impeller Diameter
Teat Section Area

Particulars

5.33 rt
1.25 fu
14 aqeg
11 in
.325 ft
L0479 s8q ft

Waterdet Inlet Particulars

Coinfiguration Lenglil

in
Stevens 5.25
21/2.50 3.91
27/0 5.03
21/0 3.91

Width
in

3.00
3.96
3.96
3.96

Inlet Flow Arsa
sq ft

L0654
.0614
.0631
0560
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TABLE 2
Pressure Tap Locations

Location of Inlet Static Pressure Taps, Inches

Stevens 21/2.50 27/0 21/0

X Z X 4 X Z X Z @
n 40.25 -.43 36.75 .83 36.75 0.37 36.75 0.37
I2 36.00 C.30 33.12 1.03 34.00 0.66 33.12 0.66
I3 33.69 2.25 32,13 1.96 32.25 2.13 32.20 1.60

Locatiosn of Transition Static Pressure Taps, Inches

X Z
™ 29.06 0.40
T2 29.06 1.90
T2 29.66 3.40

Location of Test Section Prandtl Tubes, Inches

00 uso 900 ;

X rA X Z X Z i

Top 27.5 3.16 27.5 2.79 27.5 1.9 ‘
2 27.5 2.785 27.5 2.53 27.5 1.91
3 27.5 2.1 27.5 2.26 27.5 1.91
y 27.5 1.0 27.5 1.56 27.5 1.91

5 27.5 1.035 27.5 1.29 27.5 1.9 : |

Bottom 27.5 0.66 27.5 1.03 27.% 1.9 R

Location of Impeller Head Pressure Taps, Inches :

X z

HI  18.62  4.86 o

H2 17.25 5.16 ' E

X = Horizontal distance forward of transom, inches
Z = Distance above baseline, inches




Model Nominal
Velocity Impeller

fps rpm
0 2180
0 2800
0 3600
0 4300
26.5 3600
26.5 4300
26.5 5100

Model Nominal
Veloeity  Impeller

fps rpa
26.5 3600
26.5 4300
26.5 5100
26.5 3600
26.5 4300
26.5 5100

+Estimated Value

TR~2566

TABLE 3

Mass Flow Rate for all Inlets
Varying Transition, cfs

Stevens 21/2.50 _ano
8 6 8 10 6 10
.70
93 92 .90 .93 93 .96
1.14 1.16 1.15 .14 1.18 1.22
1.3 1.35 1.36 1.38 1.39
1.59  1.60 1.59 1.59 1.60 1.59
.79 .79 V.76 1.76 1.77 1.78
1.92  1.88+ 1.85+ 1.88 1.90 1.93

TABL®, &

Velocity Ratios for all Inleis
Varying Transition

Stevens 21/2.50 27/0

8 6 8 10 6 10
Inlet Velocity Ratio, VI/v0
.92 98 J¥¢ 97 9% .95

1.03 1.10 1.08 1.08 1.06 1.06
.1 1,16+ 1,13+ 1,16 1.13 1.15

Test Section Velocity Ratio, V%/Vb

1.285 1.26 1.26 1.25 1.26 1.25
1.0 .41 1,40 1.38 1.480 1.0
1.51 1.48+ 1,45+ 1,48 1.49 1.52

210

89 .90
1.13 1.12
1.31 1.9
1.54 1.53
1.69 1.73
1.80 .79

210

6 10

1 .03 1 003
1.14 1.16
.21 .21

i :Jmi i .

s

Liad,
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TABLE 5.1

Run Vel RPM Deg Location Top 2nda 3rd Uu4th S5tn Bottom Average Q-tot

337‘ 0.0 21750 0- Static -‘ -8 ‘1 -8 -1 -8 -1 ‘9 “ ou "'1 .2 -1 .68 :
" Dynamic 1.8 1.8 1.9 1,0 1,2 0.6 1.35 0.66 |
Total 0.0 0.0 001 ‘009 "0 2 -006 -0.33 1
372# 0.0 2182. 45, Static =1.8 =1.8 =1.9 =1.6 =1.7 =1.9  -1.88
Dynamic t.9 1.8 1.9 1.0 1.3 1.4 1.59 0.73 '
Total 0.1 0.0 0.0 -0.6 ~0.4 =0.5 -0.29
329# 0.0 2172, 90. Statie -1.8 -1.8 -1.9 -1.9 -1.8 -1.6 -1.86
Dynamic 1.8 1.9 1.7 1.7 2.8 2.4 2.10 .84
Total 0.0 0.1 =-0.2 -0.2 1.0 0.8 G.24

Run Vel RPM Deg Location Top 2nd 3rd 4th 5th Bottom Average Q-tot

338' 0.0 2808. 0. Static "301 ‘3-0 -302 '.302 -207 ‘2." -2097
Dynamic 3.1 3.1 3.3 1.7 2.7 1.% 2.53 0.92
Tot 2l 0.0 0.1 Q.Y =1.¢8 UL =0.9 -, il

373# 0.0 2819. 45, Statie -3.2 =3.1 -3.2 -2.9 -2.8 =3.0 -3.13
Dynamic 3.2 2.1 2.8 2.0 2.0 2.2 2.62 0.94
Total 0.0 6.0 -0.4 -0.9 -0.8 -0.8 =0.51

325# 0.0 2808. 90. Statice -3.0 -3.0 -3.3 -3.2 -2.9 -2.8 -3.07
Dynamic 3.1 3.0 2.7 2.6 4.3 3.7 3.34 1.06
Total 0.1 0.0 -0.6 -0.6 1.2 0.9 0.27

Run Vel RPM Deg Location Top 2nd 3rd U4th 5th Bottom Average Q-tot

339# 0.0 3528. 0. Static -4.8 -4.7 =4.9 =-5.0 -b,1 =-3.5  -4.48 ;
Dynamic 4.9 4.7 5.2 2.5 3.9 1.7 3.70  1.10 |
Total 0.1 0.0 0.3 -2.5 -0.2 -1.8  =0.78 |

374# 0.0 3598. 45, Statle =5.1 =5.0 -5.3 -4.7 -A.5 -4.9  =5.03 |
Dynamic 5.2 4.8 4.8 2.7 2.6 3.1 3.97 1.15 -
Total 0.1 =0.2 -0.5 -2.0 =1.9 -1.8  =-1.06

3274 0.0 3563. 90. Static =4.9 -4.9 =5.2 -5.3 =44 4,0  =A.76 |
Dynaaic 5.0 4.9 4.8 4,2 6.1 5.3 5.14 1.32
Total 0.1 0.0 -0.% =1.1 1.7 1.2  0.38

#No bollard fairing attached at the inlet
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TABLE 5.1
(Concluded) <

Run Vel RPM Deg Location Top 2nd 3rd 4th 5th Bottom Average Q-tot

31 26,5 3528, 0. Static -4.8 -4.8 ~5.1 =8,1 =4,7T =u.7 -4,91 !
Dynamic 7.2 8.3 8.5 9.7 8.5 5.3 7.ub 1.59 ;
Total 2.4 3.5 3.4 4.6 3.8 0.6 2.53

369 26.5 3561, 45, Static -4.8 -4.9 -5.4 -4,2 -4,T -5.3 -5.01.
Dynami¢c 7.0 6.6 8.1 8.7 9.3 8.3 7.89 1.64 1
Total 2.2 1.7 2.7 4.5 4.6 3.0 2.88

322 26.5 3575! 90; Statvic -u.6 -uus -u.6 -500 ‘".1 -u.u "u.6o
Dynamic ~.1 8.6 8.1 8.6 8.8 T.u 7.90 1.64
Total 2.5 U,1 3,5 3.6 u.7 3.0 3.30 :

Run Vel RPM Deg Location Top 2nd 3rd U4th 5th Bottom Average Q-tot

U2 26.5 4320. 0., Static -6.0 -5.9 -6.0 -6.2 -5.1 =5.5 -3.83
Dynamic 8.5 9.5 9.6 10.6 8.5 5.9 8.27 1.67
Total 2.5 3.6 3.6 u,6 3.4 0.4 2.4l
370 26.5 4357. 45, Static -7.2 -7.3 -7.8 -6.8 -6.9 -7.7 -7.81 i
Dyuamic 9.3 8.9 10.3 11,2 11,6 10.9 10.28 1.87 f
Total 2.1 1,6 2.5 4,4 u,7 3,2 2.837 :
324 2€.5 4289. 90. sStetic -6.7 -6.5 -6.3 -6.9 -5.5 =~5.§ -€.35
Dynamic 9.6 (0.4 9.3 10.8 10.6 3.4 9.65 1.84
Total 2.9 3.9 3.5 3.9 5.1 3.5 3.650
Run Vel RPM Deg location top 2nd 3rd Ubth 5th Bottom Average Q-tot |
3“3 26.5 "‘869\ 0. Statlc -60“ -653 "6.2 '6.! -5.3 '6.1 '6021 i
Dynamic 9.0 9.7 9.8 10.8 8.3 6.6 8.62 .M !
Total 2.6 3.4 3.6 4.7 3.0 0.5 2.M1
371 26.5 5130. 45, Stati~ -9.9 -9.6 -9.7 -9.5 -9.7 =10.2 -9.93
Dynamic 11.9 1.2 12.1 13.8 15.0 1%, 12.37 2.05
ot a1 2.0 1.6 2.4 4,3 5.3 1.3 2.4
3524 26.5 4289. 90. Static =6.7 -6.5 =6.3 =6.9 =5.5 <-5.9  =6.35 ]
Dynamic 9.6 10.4 9.8 10.8 10.6 v i 3.9% 1.84 1
Total 2.9 3.9 3.5 3.9 3.1 3.% 3,60 i
223 26.5 5068, 9C. Statio 9.k 9t «7,7 8.8 «7.3 «T.7 -§,.43 ‘
Dynamic 12.1 12.9 11.0 11.9 12.8 11.3 11.99 2.02 1
Tota. 2.7 3.8 3.3 3.5 55 3.6 3.56




Run Vel RPM

ues 0.0 2826,

377# 0.0 2826.

446 0.0 2798.

Pun Vel RPM

406 0.0 5532.

376# 0.0 3535.

hu7 0.0 3523.

Run Vel RPM

407 0.0 4218,

378# 0.0 4296,

448 0.0 u262.

Deg

us,

90.

Deg

us.

90.

Deg

45,

90.

TR-2566

TABLE 5.2

Location Top 2nd 3rd

Scatic -305 -305 ‘3."
Dynamio 3.4 3.5 3.4
Total -0.1 0.0 0.0
Static ‘3-" ‘3:5 ‘309
Dvnamic 3.5 3.4 3.2
Total 0.t =0.1 =-0.7
Static -2.7 =2.6 -2.9
Dynamic 2.8 2.7 a.7
Total 0.1 0.1 =0,2

Losation Top 2nd 3rd

static =5.4 =5.4 -5.4
Dynamic 5.4 5.0 5.3
Total 0.0 -0.4 «0.1
Statie -5.2 -5,3 -5.8
Dynamic 5.3 4,8 5.0
Total 0.1 -0.5 -0.8
Static -4,3 =4,.3 -4.,7
Dynamic 4.5 4.1 4.4
Total 0.2 =0.2 -0.3
Location Top 2nd 3rd
Static =7.4 -7.3 ~-7.5
Dynamic 7.4 7.0 7.5
Total 0.0 -0.3 0.0
Static _7-5 ‘7-“ ‘8.0
Dynamic 7.5 6.9 7.2
Total 0.0 -0.5 -0.8
Static =6.0 -5.9 -6.3
Dynamic 6.1 5.5 6.1
Total 0.1 =-0.4 -0.2

#No bollard fairing attached at the inlet

Lth 5th Bottom Average Q-tot

-332 -3.3 -30.‘
2.8 1.2 0.5
-00"' -2.‘ -209
-3.0 -3.0 =-3,2
1.2 0,5 0.1
-1.8 -2,5 -3.1
-203 -2.6 "3.1
2.2 2.7 3.3
-0.1 0. 0.2

-3.48.

2.29
-1.19

~3.39
1.90
-1.49

-2'85
2.84
-0.01

0.84 !

0.70

0.98

1.06

0.83

1.28

hth 5:h Bottcm Average Q-tot

.9 =-6.9 -7.0
.8 20“ 0-9
o ‘".5 -6.,!
1 -603 -6¢9
2 1.3 -0.4
5 -5.0 -7.3
9 =5.7 =6.7
9 5.8 6.9
0 0.1 0.2

~7.28
4.80
-2.48

-702‘
k.03
-3.18

‘6.1“
€.05
-0.09

1.20

0099

1.40 ?

bl L) Cai

i
i
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TABLE 5.2
(Concluded)

Run Vel RPM Deg Location Top 2nd 3rd H4th Sth Bottom Average Q-tot

u09 2605 3!;'-".-00 0. St.ttc -509 .603 -603 -5.“ -5.7 -508 '6000
Dynamic 8.1 7.t 8.8 10.1 5.6 4.5 6.91 1.52
Total 2.2 0.8 2.5 4,7 -0.1 =1.3 0.9

379 26.5 3583. 45. Static =5.4 -5.4 -5,9 =4.9 =5.5 <«5,7 =5.59
Dynamic 8.2 8.0 9.1 9.6 10.9 &.2 8.27 1.67
Total 2.8 2.6 3.2 4,7 5.4 0.5 2.68

uso 26.5 3597. 900 static ""‘06 -u.7 -".9 -3~6 -u.3 -500 ‘".72
Dynamic 7.2 8.3 9.0 6.9 9.2 9.0 8.27 1.68
Total 2.6 3.6 4.7 3.3 M. 9 4.0 3.55

Run Vel RPM Deg Llocation Top 2nd 3rd Uth 5th Bottom Avarage Q-tot

'ﬂO 26-5 “3“3. 0. Stltlc -8t° -805 -anu -7-8 -7-8 -80‘ ‘8018
Dynamic 10.2 9.1 10.6 10.0+ 5.3 4.5 7T.87 1.64
Total 2.2 0.6 2.2 2.2+-2.5 -3.6 -0.31

380 26.5 ”321. “5' S?.M’.lc -707 -7-1 -8-1 '609 ‘706 ‘801 '7035
Dynamic 10,5 9.8 11,0 11.1 12,6 8.9 10.41 1.88
Total 2.8 2.1 2.9 4.2 5.0 0.8 2.56

u51 26-5 u339- 90- Stltic.\ '6.9 -6.5 "6-9 -.;Q6 -6.3 -701‘ "6087
Dynamic 10.8 10.3 11,4 8.8 11,3 11.9 10.94 1.93
Total 3.9 3.8 4,5 3,2 5.0 4.5 4.07

Run Vel QRPM Deg Location Top 2nd 3rd #4th S5th Bottom Average Q-tot

W11#* 0,0 3507. O. Static =4.9 -5.2 =-5.,5 -6.1 -4.9 =-6.7 -5.66
Dynamic 9.2 8.6 9.155.5 6.5 6.0 12.29 1.88
Total 4,3 3.4 3.6 49.4 1.6 -0.7 6.63

381 26-5 50“50 us- Stltlo -90n -902 -906 -803 '9.2 -905 ‘9037
Dynamic 12.8 11,3 12.0 11.7 13.6 9.7 11.74 2.00
Total 3.6 2.1 2.4 3.4 4.4 0.2 2.37

u53 26.5 5085, 90, Static -8.0 -7.8 -8.2 -6.9 -7.5 -8.8 -8.09
Dynamic 11.9 11.6 12.2 10.%4 12,6 13.5 12.2% 2.0%
Total 3.9 3.8 4,0 3.5 5.1% 8.7 4,16

®Run is no good
+Estinated value




Run

u16

u38

455

Run

u7

u39

456

Run

u18

4uo

457

Vel RPM

0.0 2790.

0.0 2816.

0.0 2822.

vel RPM

0.0 3350.

0.0 3588.

0.0 3560.

Vel RPM

0.0 ue2s5.

0.0 4296.

0.0 u2M.

90.

Location

Static
Dynamic
Total

Static
Dynamic
Total

Static
Dynamic
Total

wocation

Static
Dynamic
Total

Static
Dynamic
Total

Statice
Dynamic
Total

Location

Static
Dynanic
Total

Statin
Dynamic
Total

Static
Dynamic
Total

TR=-2560

TABLE 5.3

Top

-3.4 =

Top

]
- J1 On

oo (=X ] O ==
. L] '3
- =W N O~

3
3.3 3
0

w
-3
[«3

[}
e o
o FrF F

oOMNW O WwWw Oww
[ ]
- N W

- O O ww
]
L
N o -

LV
=
<%

] ] ]

oV Ww oW
. o o o

- N W

[ 3
o

[ ]

(=20 3

L ] * L]

- 00 (VAR VRS

(v
3
(=3

o=~
- 1 On

)
[= - ¥ O~=

[
. *
FO F

* L ]
N EOon

uth Sth Bottom Average Q-tob

3.2
2‘8
0.6

L]

-‘N.‘

§
.

-3
L] .

$
o]

2w F
.

vV V%o weNn

-3.1
1.1
‘2.0

5th

|
2=
e * o

L 4
v o o oo -~ O

[}
(= 2. X, N O
*

*

=3.35
2.16
-1.19

-3.46
2.85
‘0061

-2093

2.90
-0003

0.79

0.98

0.99

Bottom Average G-tot

-5.h1

3.54
-1587

-5.69
h,60
’1-09

-uo71
4,54
-0017

1.05

1,20

1.24

Bottom Average Q-tot

-7.8
1.2

‘7060
.91
‘2069

-7.47
6.17
-‘030

-6532
6.19
‘0013

1.23

1.4




Run

u22

L2

458

Run

423

nuy

u59

Run

u25

15

Vel
26.5

26.5

Vel
26.5

26.5

26.5

Vel

26.5

26.5

u60*26.5

*Run is no good

RPM
3568.

3583 .

) 3658.

RPM
4367.

4331,

4333,

RPM

5106.

5169.

3987.

90.

Location

Static
Dynamic
Total

Static
Dynamic
Total

Static
Dynamtic
Total

Location
Static

Dynamic
Total

Static -

Dynamic
Total

Static
Dynamic
Total

Static
Dynamic
Total

Static
Dynamic
Total

Static
Dynenic
Total

-708 -

-6
9.
3

TR-2566

TABLE 5.3
(Concluded)

Top 2nd 3rd
5.
8.
2.

5.
8.
3

O Www VoW

|
5
8

u
8
3

Top 2nd 3rd

-
N O

8
9.9 9.
0

P

.
wm - NhO &
[ ]
EO O w — =3
.

L]
O W -~ OoOw o ww

[o 3 VI <)
-
wpm
yvowm
g

-
o
°
v
3
(=9
b 4
a
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-t
N O N~ O N VO

9
3.
4

. .
E~Nw oW

L]
wuNn

L]

-3

[ ]

P
s o @
Ll A"V

-t
- - ND (=N =N

1
oy
- O w N O

5th Bottom Average Q-tot

'
E—-~N wE
*

-t

—
sO0 0
[ ]

N oW w oW N O

(%))
<t
-2

anb

w o o w N o F-g¥ -]
-

- Oovn NGO o -~ v

L
WO 00O o~

*

-

*

EOWN VO

—-—

L

SRV

-5.86
6.56
0'70

-5.86
B.‘u
2.28

=4, 77
8.78
4,01

Bottom Average Q-tot

-8-3“
7-51
-0.83

-7.96
10,43
2. 47

-6.61
10.31
3.70

pottom Average Q-tot

-10.44

8.76
-1.68

1.69

-9.78
12.10
2.32

2.03

-6059
9.38 1.79
2.79
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TABLE 5.4

Run Vel RPM Deg Location Top 2nd 3rd Uth 5th Bottom Average Q-tot

402 0,0 2796. 0. Static -3.4 -3,3 -3.5 -3.2 -3.0 -3.2 -3.36
Dynamic 3.4 3.4 3.5 3.1 1.6 0.3 2.33 0.83
Total 0.0 0.1 0.0 -0.1 =1, 4 =-2.9 -1.03

389 0.0 2876. 45. Static -3.5 -3.6 -3.7 -3.3 -3.2 -3.4 -3.53
Dynamic 3.6 3.6 3.1 3.2 2.7 2.4 3.05 1.02
Total 0.1 0.0 -0.6 -0.1 -0.5 =1.0 -0.u48

1l65 0.0 2817Q 90. Static "2.9 -209 -300 -Zou -208 -3-3 "3-0"l
Dynamic 3.1 3.0 3.0 2.2 2.9 3.5 3.07 1.02
Total 0.2 0.1 0.0 =-0.2 0.1 0.2 0.03

Run Vel RPM Deg Location Top 2nd 3rd u4th 5th Bottcm Average Q-tot

403 0.n 3528, 0. Static -5.5 -5.4 =-5.5 =-5,1 ~4.9 =5.0 -5.33
Dynamic 5.5 5.2 5.5 4,4 1,7 0.2 3.404 0.98
Total 0.0 -0.2 0.0 =-0.7 =3.2 =Uu.8 -1.89

390 0.0 3550. U5, Static <5.2 =5.2 =-5.6 -5.0 =4,7 =-4.9 =-5.17
Dynamic 5.4 5,0 4,8 4,9 3.2 3.3 4,34 1.21
Total 0.2 -0.2 -0.8 -0.1 -1.5 =-1.6 -0.87%

466 0.0 3560. 9G. Statiec -4,9 -4,6 -5,1 =4,8 -4,6 -5.3 -5.01
Dyanamic 5.0 4.3 5.1 4,2 4.8 5.6 4,93 1.30
Total 0.1 ~0.3 0.0 -0.6 0.2 0.3 -0.08

Run Vel RPM Deg Location Top 2nd 3rd Uuth 5th Bottom Average Q-tot

u04 0.0 u4280. -0. Static -7.8 -7.6 -7.T7 -T.1 =-6.9 -T.0 -7.46
Dynamic 7.8 7.3 7.7 6.4 2.6 0.7 4,98 1.21
Total 0-0 -0-3 0.0 -0'7 -uo3 -603 ‘2."8

391 0.0 4312, 45, Static -T.k =7.2 ~7.2 -6.9 -6.6 =-6.8 -T.13
Dynamic 7.5 6.8 6.8 6.8 5.3 u.,5 6.16 - 1.4l
Total 0.1 -0.4 -0,4 =-0.1 -1.3 =2.3 -0.97

467 9.0 4271. 90. Static ~-6.6 -6.3 -6.8 -6.1 -6.2 =T.0 -6.67
Dynamic 6.8 5.8 6.8 5.3 6.4 7.2 6.56 1.50
Total 0-2 "0-5 000 -0.8 002 002 -0311



394

468

Run

uoo

395

470

Run

b0

397

N72

Vel

26.5

26.5

26.5

Vel

26.5

26.5

26.5

Vel

26.5

26.5

26.5

RPM

3567.

3566.

3579.

RPM

4318,

4354,

4352,

RPM

5102.

5148,

5033.

TR-2566

TABLE

5.4

(Concluded)

Location Top 2nd

Static
Dynamic
Total

Static
Dynamic
Total

Statie
Dynamic
Total

=5
7
2
)
7
2

-u4.7
8.5
3.8

— =3

(oA 08 )]
1

Location Top 2nd

Static
Dynamic
Total

Static
Dynamic
Total

" Static

Dynamic
Total

Location Top

Static
Dynamic
Total

Static
Dynamic
Total

Static
Dynamic
Total
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9.9
2.1
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-5.76
6.20
0.4

-5.58
8.23
2.65

-4.81
8.78
3.97

-7.84
T.17
-0.67

-7.72
10.28
2.56

-6.99
10.80
3.81

-9085
8.51
-1 03“

-9.60
11.60
2.00

'80”0
12.35
3.95

Bottom Average Q-tot

1.43

Bottom Average Q-=tot

1.52

Bottom Average Q-tot

2.05
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TABLE 5.5

Run Vel RPM Deg Location Top 2nd 3rd U4th 5th Bottom Average Q-tot

TP I

493 0.0 2799. O. Static =3.1 =3.1 -3.2 =3.2 -3.2 -3.3 -3.30
Dynamic 3.2 3.2 3.2 2.4 0.9 .6 2.12 0.81
Total 0.1 0.1 0.0 =0.8 =2.3 =-2.T -1.18
501 0.0 2816. 45, Static =-3.2 -3.2 -3.3 -3.1 -3.1 =3.6 -3.37
Dynamic 3.3 3.3 3.1t 3.0 2.9 3.6 3.25 1.05
Total 0.1 0.1 =0.2 -0.1 -0.2 0.0 -0.12 |
476 0.0 2810. 90. Static =2.T7 =2.7 =2.9 -2.6 =2.6 =-3.0 -2.88
Dynamic 2.8 2.8 2.6 2.1 2.8 3.1 2.81 0.98
Total 0.1 0.1 =0.3 -0.5 0.2 0.1 -0.07

Run Vel RPM Deg Location Top 2nd 3rd Uu4th 5th Bottom Average Q-tot

et

hgs 0.0 3542, 0, Static -5.2 =5.2 =5,2 =5.2 -5.1 =5.3 -5.28
Dynamic 5.2 4.9 5.0 4.1 1.8 0.7 3.35  1.01
Total 0.0 =0.3 =0.2 =1.1 =3.4 -4.6 -1.93
502 0.0 3579. 45, Static ~5.2 =5.1 =5.3 =5.1 =-4.9 =-5.5 ~-5.32
- Dynamic 5.3 4.9 4,9 4,5 4,3 5,2 4,94 1.30
Total 0.1 -0.2 -0.4 -0.6 -0.6 -0.3 -0.38 i
u?? 0-0 3552. 90. Static ‘u-s -uns 'h-7 -no3 -u-u _utg -uo71 %
Dynamic L7 4.4 4,5 3.8 4.6 5.2 4,63 1.26 |
Total 0.2 -0.1 -0.2 -0.5 0.2 0.3 -0.08 ?

Run Vel RPM Deg Location Top 2nd 3rd. 4th 5th Bottom Averag2a Q-tot -

496 0.0 4296. 0. Static =7.3 =7.3 =T.2 =7.2 =T.1 =7.5  =7.40 |
Dynamic 7.2 6.8 7.1 5.2 2.4 0.7 4.59 1.17 |
Total  =0.1 =0.5 -0.1 -2.0 -4.7 -6.8  -2.81 3

503 0.0 4291. U5, Static =7.1 -6.8 -7.0 -7.0 -56.7 =T7.4  -7.15 u
Dynamic 7.3 6.4 6.7 6.2 6.3 6.7 6.71 1.51
TOtal 0'2 -OQu -0-3 -008 "0.“ "0.7 -OQ"”‘ |

478 0.0 u4288. 90. sStatic =6,3 =6.1 =6.5 =5.8 -6.1 =6.T -6.38 j
Dynamic 6.4 5.6 6.0 5.5 6.4 6.9 6.30 1.47 %
Total '0-1 -005 6005 -0-3 003 0.2 7-0008 j
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- TABLE 5.5 !
(Concluded) ‘

Run Vel RPM Deg Location Top 2nd 3rd U4th 5th Bottom Average Q-tot

497 26.5 3574. O. Static =5.2 -5.6 =5.3 =5.5 =5.4 =5,3  -5.45
Dynamic 7.3 7.0 7.4 7.7 3.9 41 5.97 1.1
Total 2-1 1.“ 201 2.2 -105 ‘1-2 0-52
504 26.5 3596. 45. Static =-5.2 =5.2 =5.4 =5,2 =5.0 =b.5  -5.34 |
Dynamic 8.2 8.8 7.9 9.3 9.5 9.2 8.83 1.74 f
Total 3.0 3.7 2.6 4,0 4,5 3.8 3.49
480 26.5 3528, 90. Static  =U4,2 -U4,2 -4, 4 -4 4 -4,1 -k.6 -4, u3
Dynamic 7.8 8.2 ‘7.9 T.4 8.4 8.7 8.13  1.67 |
Total 3.6 4.0 3.5 3.0 4,3 4.1 3.70 J
i
i

Run Vel RPM Deg Location Top 2nd 3rd Uth 5th Bottom Average Q-tot

’-l98 26-5 )"3“00 0- Static -701" -707 -7-3 -707 _7-6 -8.0 -7-72
Dynamic 9.7 9.3 9.6 8.7 4,1 4,0 7.23 1.54
Total 2.3 1.6 2.3 1.0 -3,5 =4,0 =0.49

505 26.5 U384. 45. Static =T.4 ~7.2 =7.2 =T.4 =7.0 =7.7  =T.44 |
Dynamic 10.4 10.9 10.0 11.0 10.8 10.9 10.69 1.91 ;
Total 3.0 3.7 2.8 3.6 3.8 3.2 3.25 ;

"‘81 26.5 u373- 90- Static "6.“ -6-3 -605 -605 "603 -7'2 -6067 ;
Dynanmic 9.9 10.0 9.7 9.6 10.8 11.5 10,42 1.89 ;
Total 3.5 3.7 3.2 3.1 4,5 4.3 3.75

Run Vel RPM Deg Location Top 2nd 3rd M4th 65th Bottom Average Q-tot

499 26.5 5099. 0. Static =10.2-10.5-10.0-10.0 -9.3 =10.3 =10.20 |
Dynamic 12.6 12.1 12.5 9.1 3.9 4.0  8.69  1.67 |
Total 2." 1.6 2-5 -059 '5-“ “6.3 -1~51

506 26.5 5132. 45. Static =9.6 =9.4 =9.1 =9.6 ~6.0 =9.5  =9.51
Dynamic 12.7.13.0 11.9 12.1 12.2 12.7 12.55 2.07
Total 3.1 3.6 2.8 2.5 3.2 3.2  3.04

’485 2605 5103' 900 Statlc -7-u "7.0 -700 -7;6 "6.9 ‘8.“ .”7059
Dynamic 10.5 10.2 9.8 10.3 11.0 12.1  10.87  1.93
Total 3.1 3.2 2.8 2.7 %1 3.7  3.28
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o
TABLE 5.6
® Run Vel RPM Deg Location Top 2nd 3rd Uith 5th Bottom Average Q-tot
513 0.0 28270 0l Static -353 -303 -302 -3.3 -301 -305 -3gu1
Dynamic 3.3 3.3 3.2 2.8 1.2 0.4 2.19 0.81
Total 0.0 0.0 0.0 -0.5 -1.9 -3.1 -1.22
X 507 0.0 2849, 45, Static -3.,4 -3.3 =3,2 -3.4 =-3,1 =3,6 -3.47
| Dynamic 3.5 3.4 3.2 3.3 3.2 3.8 3.46 1.09
Tectal 9.1 0.1 0.0 -0.1 0.1 0.2 -0.01 i
u87 000 2799- 90- Static _300 -2-8 -2-9 -301 ‘2.9 -3u2 -3-09 |
| Dynamic 3.1 3.0 2.4 2.7 3.0 3.5 3.07 1.02
'|b Total 0.t 0.2 -0.5 -0.4 0.1 0.3 -0.02
i Run Vel RPM Deg location Top 2nd 3rd Uuth 5uh Bottom Average Q-tot
1 51“ 0.0 359“: O' Statlc -5.u -Sou -5n3 _5-1 -501 "507 _5-"'8
i Dynamic 5.4 5.1 5.1 3.9 1.8 0.7 3,44 1.02
@ Total 0.0 =0.3 =0.2 -1.2 =3.3 =5.0  =2.04
508 0.0 3587. U5. Static  =5.3 =5.2 =5.1 =5.2 =4.9 =5.6  =5.37
Dynamic 5.4 5.0 5.0 5.0 4.9 5.9 5.33 1.35
. Total 0.1 =-0.2 -0.1 -0.2 0.0 0.3 -0.04 ‘
° 488 0.0 3578. 90. Static <-U.8 -U.7 -b.8 =4.9 =M. =5.1  =4.95 |
Dynamic 501 u-6 u-z n!6 nog Sln u093 1'30
| Total 0.3 -0.1 -0.6 -0.3 0.3 0.3 -0.02
Run Vel RPM Deg Location Top 2nd 3rd U4th Sth Bottom Average Q-tot 4
- i
® 515 0.0 4299. 0. Static =7.6 -T7.4 =T7.2=T.1 -6.9 -7.6 -T.45
Dynamic 7.4 6.7 7.1 5.4 2.2 0.5 .54 1.15
TOtal "0..2 -007 -001 -1-7 -uo" -701 -2091 i
509 0.0 4280. 5. Statlc =7.3 =7.0 =6.9 =6.9 =6.7 =7.4  =7.20
Dynamic 7.5 6.6 6.8 6.4 6.4 6.4 $.73 1.52 :
9 Total 0.2 -0.4 -0.1 =0,5 =-0.3 =1.0 -0. 47
u89 0.0 "‘2980 90- Stat’.c -6-8 -605 -606 -6.3 -663 -609 -6.73
Dynamic 7.0 6.0 5.9 6.0 6.7 T.2 6.68 1.51
Total 0.2 =0.5 =0.7 -0.3 0.4 0.3 -0.05
[ )
o
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TABLE 5.6
{Concluded)

Run Vel RPM Deg Location Top 2nd 3rd U4th 5th Bottom Average Q-tot

516 26.5 3539. 0. Static -5.1 =5.6 -5.,4 -5,3 =5,2 =5.4 =5.40
Dynamic 6.9 7.0 T.1 7.7 4.2 4.0 5,87 1.40 i
Total 1.8 1.4 1.7 2.4 -1.0 -1.4 0.47 |
510 26.5 3560. 45, Static ~-5.3 -5.2 -5.2 =5.2 =-5.0 =5.3 -5.31
Dynami¢ 7.9 8.6 7.9 9.2 9.3 8.3 8.u5 1.70
Total 2.6 3.4 2.7 4.0 4.3 3.0 3.14
u90 26.5 3541. 90. Static -4, 4 -4.5 -4,3 -4, 4 -4,1 -U4,6 -4,50 .
Dynamic 8.3 8.6 7.8 8.0 8.7 8.9 8.50 1.70
Total 3.9 4.1 3.5 3.6 u.,6 4.3 4,00

Run Vel RPM Deg Location Top 2nd 3rd 4th 5Sth Bottom Average Q-tot

517 26.5 4305. O, Static ~-7.4 -7.6 -7.3 -7.5 -7.3 ~-T7.8 -7.61
Dynamic 9.4 9.2 9.5 8.6 4.7 4.3 7.30 1.56
Total 2.0 1.6 2.2 1.1 -2.6 =-3.5 -0.31

511 26.5 4333, 45, Static =T7.7 =T.4 =7.2 =T.4 =T.1 =T7.7 -7.57 :
Dynamic 10.5 11.1 10.0 11,0 11,4 10.3 10.66 1.9
Total 208 3!7 2.8 306 ul3 2.6 3-09

u91 26-5 183"8. 90- Static -606 "6.“ "6."' -601" -6u2 -609 -6062
Dynamic 10.5 10,4 9.5 10,0 11,0 11.2 10.60 1.90
Total 3.9 4,0 3.1 3.6 4.8 4.3 3.98

Run Vel RPM Deg Location Top 2nd 3rd Uuth 5th Bottom Average Q-tot

518 26'5 5108- 0. Statlc -1°ou-1002 -909 -909 -8-9 -1003 -10013 B ‘
Dyn“ic 12.4 12,2 12.7 9.8 5.0 k,7 9-07 1072 3
Total 2.0 2.0 2.8 -0.1 -3.9 -5.6 -1.06 5

512 26.5 5107. 45, Static =10.6 -9.2 ~9.0 =9.2 8.6 =9.  =9.60
Dynamic 13.4 12.9 12.0 12.6 12.T7 11.7 12.58 2.07
Total 2.8 3.7 3.0 3.4 a1 2.3 2.98

ug2 26.5 5095. 90. Static -7.8 -7.4 7.4 7.6 -T.3 -8.2 -T.79 :
Dynamic 11.7 11.3 10.5 11,0 12.2 12.6 11.76 2.00 3
Total 3.9 3-9 3-‘ 3.“ aog ll.lt 3.9? Lo




Run

519

537

547

Run

520

538

548

Run

521

539

549

Vel

o.o
0.0
0.0

Vel

0.0
0.0
0.0

Vel

0.0

0.0

0.0

RPM

2851,

2791.

2820,

RPM

3565.

3533.

3554,

RPM

4269.

4256.

4266.

Deg

90.

Deg

5.

90.

Deg

L5,

90.
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TABLE 5.7

Location Top

Dynamic

Static -
Total -

oA
.0
o
Static -

3
Dynamic 3.
Total 0

Statie =-3.2
Dynamic 3.3
Total 0.1

Location

Static
Dynamic 4.9
Total

Static 5
Dynamic 5.
Total 0

Static =5.1
Dynamic 5.2
Total .1
Location Top
Static -T.2
Dynamic 7.0
Total -0.2
Statiec -6.8
Dynamic 6.9
Total 0.1
Statie -7.1
Dynamic 7.3
Total 0.2

2nd

.

3rd

-3.2
3.0
‘0.2

)
QO & F

[ S}

o £ U
L
~w O Vo w o

lth

-2o9
2.3
-0.6

(] ] [] L] [}

(o= B« Y & ] (o2« e, N &=
® L ] L]

- —

QF & Qo F & w = =

- =] O™ AN -~ O

5th

oo own o Nt - On
®
- O AN oW Vi w

Bottom Average

u -3.26
03 1.93
1 "1033

2 -3.16
3 2.74
.9 -0.42
9 -3.08
1
2

3.06
-0.02

Bottom Average

oAU -5.13
.3 2.90
A =2.23
2 -5.10
0 4,52
2 -0.58

-u,90
4,80
=0.10

Bottom Average

.3 -7.26
A 3.95
o2 -3.31
2 -6097
7 5.98
5 -0.99
.3 -6.83
5 6.67
2 -0.16

Q-tot

0.76
0.97

1.02
Q-tot

0.90
1.24

1.28
Q-tot

1.01
1.43

1.51

]
3
K



i e e

Run

522

540

550

Run

523

511

551

Run

524 "¢

542

554

Vel RPM

26.5 3568.

26.5 3559.

26.5 3573.

Vel RPM

26.5 4382,

26.5 4376.

26.5 U342,

VAl RPM

5 5105,

26.5 5119,

26.5 4932,

90.

Deg

us,

90.

Deg

45,

90.
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TABLE 5.7
(Concluded)
Location Top 2nd 3rd Utn
Statie¢ «5.1 -5.4 -5.,5 -5.5
Dynamic 6.5 6.5 7.3 6.2
Total 1.4 1.1 1.8 0.7
Static -5.0 -5,2 -5.4 -5.,6
Dynamic 7.2 9.0 8.3 9.4
Total 2.2 3.8 2,9 3.8
Stati,c -5‘2 "5.0 -5'2 -502
Dynamic 7.8 9.6 8,9 9.0
. Total 2.6 4.6 3.7 3.8
Location Top 2nd 3rd Uuth
Static =T.4 -8.0 -7.9 -8.2
Dynamic 9.1 8.0 9.3 7.7
Total 1.7 0.0 1.4 -0.5
Statice -7.3 -7.8 -7.7 -7.9
Dynamic¢ 10.1 11.5 10.0 11.3
Total 2.8 3.7 2.3 3.4
Static -703 "712 "7.” "707
Dynamiec 9.9 11.6 11.1 11,5
Total 2.6 4.4 3.7 3.8
Location Top 2nd 3rd 4th
Static -809-1002 -9.3-1000
Dynamic 10.7 10.7 10.6 10.1
Total 1.8 0.5 1.3 0.1
Sf.atic -8~9 ‘901 '90 0 -9¢9
Dynamic 11.4 11.9 10.5 1i.8
Total 2.5 2.8 1.5 1.9
Statlo -806 '8.5 -8.5 -901
Dynamic 11.1 12,6 11,9 12.9
Total 2.5 4,1 3.4 3.8

5th

]

NN
L3

O & O EWw

N ]
oW, w o wnm
.

.
OO —

5th

oo

)
5E - = LS V)
L

-—b

-
VN
.

wn
ct

N~ W) W o m(no -3 (= 2 g [ 20— 4

[}
-0 0o oW
.

-

Py
W W o
.

Bottom
=5
2
-3'
-6
6
0

6
A
8

E WO s

Bottom

-8 '7
2.3
-6.4

-8.4
1.1
2.7

-6.3
1.1
4.8

Bottom

Average

-5.52
4,96
"0056

-5.61
T.91
2.30

=5.10
9.00
3.90

Average

-8Q06
6.12
-l 09"

-7.87
10.84
2.97

-7T.20
11.10
5.90

Average

_9078
7.25
-2053

-9.35
10.85
1.50

-8.39
12.12
3.73

1.64

1.92

L M et e

- i e e
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TABLE 5.8
Run Vel RPM Deg Location Top 2nd 3rd Uth Sth Bottom Average Q-tot
525 0.0 2811. 0. Static -3.2 -3.2 -3.1 =-3.2 -3.0 =3.3 =3.26
Dynamic 3.1 3.1 3.1 2.6 0.8 0. 1.95 0.73 !
Total -0.1 =0.1 =-0.0 =0.6 =2.2 =3.2 -1.31 ;
531 0.0 2820, 45. Static =3.2 =3.1 =3.1 =3.2 -3.0 =3.4  =3.27 !
Dynamic 3.2 3.2 3.0 2.9 2.7 2.3 2.86 0.99
TOtal 000 001 ‘0-1 —Ona -0'3 -1 -1 '0."1
555 0.0 2802- 900 Statice -3-2 -3o0 -301 -3.0 -2-9 ‘301 -3.15 ‘
Dynamie 3.3 3'1 ?-7 2-9 3-0 303 3.13 1.03 i
Total 0.1 0.1 =0.4 =0.1 0.1 0.2 -0.02 '
Run Vel RPM Deg Location Top 2nd . 3rd Uth Sﬁh Bottom Average Q-tot
526 000 3558. 0. Static -502 -5.1 —5.1 -500 '".8 —5-2 ‘5.18
Dynamic 5.2 4.6 4,8 3.8 1.2 0.1 3.05 0.91
Total 0.0 -0.5 -0.3 -1.2 =3.6 ~-5.1 -2.13 s
532 0.0 3582. 45. Static =5.1 =5.2 =5.1 =5.0 =48 =-5.4  =-5.24 |
Dynamic 5-2 u.g nos u.s noz 3.0 uo3u 1-21 f‘
Total 0.1 -0.3 -0.3 ~0.5 -N0.6 =-2.A -0.90 !
556 0.0 3550. 90. Static =5.1 -4.8 =5.0 =5.1 =4.8 =4.7 - -5.00 j
Dynamic 5.3 4.6 4,5 4.9 4.9 5.0 4,94 1.30 3
Total 0.2 -0.2 -0.5 -0.3 0.1 0.3 -0.06 ;
Run Vel RPM Deg Location Top 2nd 3rd H4th 5th Bottom Average Q-tot é
527 0.0 4270. 0. Static =-7.3 -T.# -7.2 =7.1 =6.7 ~-T.2  -7.27 j
Dynamic 7.2 6.4 6.4 4.9 1,3 -0.1 4.03 0.98 ]
Total "0.1 "1.0 "008 "2-2 ‘5.“ -7-3 "3.2“ 4
533 0.0 4201. 45, Static =7.0 6.9 -6.8 =6.6 =6.& =T.1  =6.96
Dynamic 7.2 6.3 6.5 6.1 5.9 3.7 5.83 1.40 :
Total 0.2 '006 ‘003 ‘0.5 -005 -3.& -‘-‘3 :
557 OoO ”2"2- 90. Sta\‘.lc "7.0 '6-7 -608 -609 "6.7 -605 "6-85 1
‘ Dynamic 7.2 6.2 6.3 6.5 7.0 6.9 6.82 1.52. ?
Total 0.2 -0.5 =-0.5 -0,4 0.3 O.&%  -0.03 ]




Run

528

534

560

560

Run

529

535

561

Run

530

536

562

Vel

2605

26.5

26.5

26.5

Vel

26.5

26.5

26.5

Vel

26.5

26.5

26.5

RPM
3s582.

3539.

3545.

35”5 >

RPM

u3s2.

4313,

u3s2,

RPM

5106.

5114,

5060,

Deg

45,

90.

90.

Deg

45,

90,

Deg

45,

90.

Location

Static
Dynamic
Total

Static
Dynamic
Total

Static
Dynamic
Total

Statie
Dynamic
Total

Location

Static
Dynamic
Total

Static
Dynamic
Total

Statioc
Dynamie
Total

Location

Static
Dynamic
Total

Static
Dynamic
Total

Static
Dynamic
Total
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TABLE 5.8
(Concluded)
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-
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Bottom Average

'5073
5.16
-0.57

=5.34
7.69
2.35

-5.20
8.99
3.79

-5.20
8.99
3.79

Bottom Average Q-tot

] ]
o

¢« o

[~ R >N ]

£ - O O o O —
o
N W -

[ 4

-t
)
[ g )

-a.ou
6.u4
=1.60

-7.68
9.96
2.28

-7 ~u8
11.29
3.8

1,35

Bottom Average Q-tot

-10.4
1.9
-8.5

-909
6.2
-30?

-705
12.0
2.5

-9 085
7.54
-2.31

".9036
‘0033
0.97

-9.04
12.77
3.73

1.52

1.86

2.09
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TABLE 6.1

Static Pressures, Stevens Inlet, 8 inch Tranaition

I3 T4 T T2 T3

12

Model Impeller I1
Vel

Run
No

Speed

rpm

fps

N oN .|6 1830 7696507‘

[Ta ¥4 5765389“““8982“5
~N - 0 . - -

e o o 5 o o s o o .
2“““333555676

66883"3“2"‘3203“
o
[ T T T R A I e I

08086“35969"5

—
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NN OMNMNT Tt~ DN OT Vi M
NN A M NI WONST -NT ~-N
e e T N A N A N K a K a W a Waa M s Mo Mia Tna Koo Hoa Noa

TABLE 6.2

Static Pressures, 21/2.50 Inlet, 6 incu Transition

13 14 T T2 T3

I2

Model 1Impeller I1

Run
No

Speed

Vel

rpm

fps

08 201!939 36233“ ‘“30
76780932 2“ 5579805'

o~ o= g o o g

MO —OmIT M 7.n‘2¢n.1.1¢l.izunu

* @ e o @ [ ]
2223“356”231353"5.‘
| N D D S D DT R T R R R BN TNNE RN RN N N ]

u6 3827“0999755‘950

L4 L d . L4 L4
2223“356“222.‘.‘.““55
[ A N I I I I e e v 10

2‘628”9?“395051‘ 1“3

*
3325““665“33655“76
I A T A R I D R A N A D D A B B R

O MNONMNMOOVDODDON OO
L4 * L] L 2 L) L] . [ ] L]

66%253862037319755
NN MO N~DARO NN NNMNMNO T DO
DO=-NVNINNN NN MOMOMOMNING O
NNNOMNT T NHNONT T AN
(o JoNoNeoNoNeNoNoNeNeoNoNoNoRaloNe el
Ld Ld L4 * @ L . L L d L L] ® Ld L] o o
OO0 O00 OO0 OOWYWWWWW O\ DO
NANNNNNNNNN
hea *» - =
DO OVO~-~0OPTNOOOO e —emM
O OLFORET OO «—@ D
X MNMNTTNTTONTINTITTOTITONT

#No bollard fairing attached at the inlet

#Run 1is no good
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TABLE 6.3

Static Pressures, 21/2.50 Inlet, 8 inch Transaition

Model Impeller [1 12 I3 I4 T T2 T3
Speed

Run
No

Vel

rpm

fps

68 06862“915“ 993900
u5788°223u 357692“2

— - - - -

TCOMMeOT 0T MNN—T

uuuuu . e o & o o o
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[ I R T I RO N T T N DU AN DU DA DR B NN B |

703599625772 525113
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Static Pressures, 21/2.50 Inlet, 10 inch Transition
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TABLE 6.5

I2

Static Pressures, 27/0 Inlet, 6 inch Transition
rpm

Speed

fps

Model Impeller It
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TABLE 6.6
I3 T4 ™ T2 T3

12

Static Pressures, 27/0 Inlet, 10 inch Translthn
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Model Impeller IV
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TABLE 6.7

21/0 Inlet 6 inch Transition

Static Pressures,

13 14 T T2 T3 ,

Model Impeller I1 12

Run
No

Speed

Vel
fps

rpm
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TABLE 6.8

Static Pressures, 27/0 Inlet, 10 inch Transition

Model Impeller I I2 I3 14 T T2 T3
Speed

Run
No

Vel
fps

rpm
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TABLE 7.1

Lift and Drag Characteristics
Stevens Inlet, 8 inch Transition

Hull Drag = 144.0  Hull Lift = 334.0

Run Vel RPM Drag Dy Cpi Lift Ly CLi IWR
337 0.0 2175 0.3 0.3 0.00 -2.4 -2,4 0,00 0.00
372 0.0 2182 -0.2 -0.2 0.00 “TaA -7.1  0.00 0.C2
329 0.0 2172 0.0 0.0 0.00 -2.6 =-2.6 0.00 0.00
338 0.0 2808 0.1 0.1 0.00 1.0 1.0 0.00 0.00
3713 0.0 2819 -0.4 -0.% 0.00 -0.6 -0.6 0.00 92.00
325 0.0 2808 0.0 0.0 0.00 2T.7 27.7 0.00 0.00
339 0.0 3528 0.0 0.0 0.00 -4.9 -4.9 0.00 0.00
374 0.0 3598 -0.6 -0.6 0.00 -4,9 -4,9 0.00 0.00
327 0.0 3563 0.0 0.0 0.00 1.6 1.6 0.00 0.00
341 26.5 3528 227.2. .6 0,02 295.2 -38.8 -0.52 0.92
369 26.5 3561 228 .1 2.5 0.03 299.5 =-34.5 =-0.46 0.92
322 26.5 3575 236.$ 11.2 0.15 284.9 -U49.1 -0.66 0.92
342 26.5 4320 234.% -1.3 =-0.02 302.0 =-32.0 =0.43 1.03
370 26.5 4357 236.4 0.6 0.01 297.4 -36.6 -0.49 1.03
324 26.5 h289  2u0.1 4.3 0.06 291.0 =-u3.0 -0.58 1.03
343 26.5 u869 236.2 -6.3 =-0.08 287.3 =-U6.7 -0.63 1.11
371 26.5 5130 240.5 -2.0 -0,03 287.3 =-U46.7 =0.63 1.11

26.5 5068 2u2.u -0.1 0.00 285.5 =-48.5 =0.65 1.11

323




Run

uos5
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sug
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*Run 18 no good
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Hull Drag = 152.0

RPM

2826
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2798
3532
3535
3523
u218
4296
4262
3550
3583
3597
4343
4321
4339
3507
5045
5085
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TABLE 7.2

Lift and Drag Characteriatics

21/2.5 Inlet,

Drag
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-0.46
~0.u43
-0.28
-0.62
-0.54
-0.82
~3.07
=0.76
-0.56

IVR

0.00
0.00
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0.00
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1.10
1.10
1.10
1.16
1.16
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TABLE 7.3

Lift and Drag Characteristics
21/2.5 Inlet, 8 inch Transition

Hull Drag = 152.0 Hull Lift = 358.0

Run Vel RPM Drag Di CDi Lift L.1 CLi IVR
neé6 0.0 2790 0.2 0.2 0.00 -1.3 -1.3 0.00 0.0
438 0.0 2816 0.3 0.3 0.00 -2.3 =2.3 0.00 0.00
455 0.0 2822 0.5 0.5 0.00 -1.7 =1.7 0.00 0.00
n7T 0.0 3550 0.5 0.5 0.00 0.1 0.1 0.00 0.00
439 0.0 3588 0.5 0.5 0.00 -3.6 =-3.6 0.00 0.00
456 0.0 3560 0.0 0.0 0.00 =2.9 -2.9 0.00 0,00
418 0.0 L255 0.6 0.6 0,00 -4,9 ~-4.9 0.00 0,00
hho 0.0 4296 0.4 0.4 0.00 -3.0 =-3.0 0.00 0.00
us7 0.0 U271 0.1 0.1 0.00 -3.2 =-3.2 0.00 0.00
k22 26.5 3568 230.4 -3.2 =-0.04 311.7 -b46.3 -0.63 0,98
buz2 26.5 3583 226.8 -6.8 =-0.09 330.5 =-27.5 =0.38 0.98
458 26.5 3658 225.5 -8.1 =-0.11 315.0 =u43.0 =-0.59 0.98
u23 26.5 4367 238.3 -4,0 -0.05 299.8 -58.2 -0.80 1.08
huy  26.5 4331 235.5 -6.8 -~0.09 315.1 =-42.9 =-0.59 1.08
us9 26.5 4333 233.7 -8.6 -0.12 299.1 -58.9 =-0.81 1,08 ’
h25 26.5 5106 242.0 -4.,9 -0.07 292.3 =-65.7 =0.90 1.14
hhs 26.5 5169 238.4 -8.5 -0.12 308.3 =-u49.7 =-0.68 1.14
460% 26.5 3987 85.9 =-161.0 =-2.20 97.6 -260.4 =3,56 1.14

*Run is no good
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TABLE 7.4

Lift and Drag Characteristics

21/2.5 Inlet,

Hull Drag = 152,0

RPM
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10 inch Transition

Hull Lift = 358.0

Cpi

0.00
0.00
0.00
0.00
0.00
0.00
0.c0
0.00
0.00
-0.10
-2.10
-0.11
-0.11
-0.02
-0.12
=0.11
=-0.05
=-0.15

Lift
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30u4.4
313.4
311.5
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300.0
298.4
299.6
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"59 06
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-40.8

0.00
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0.00
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-0.73
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-0.79
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-0.87
-0.56
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TABLE 7.5 |
]

Lift and Drag Characteristics g
27/0 Inlet, 6 inch Transition ;

Hull Drag = 135.0  Hull Lift = 349.0 ' §

i
IVR |

Run Vel RPM Drag Di CDi Lift Li CLI

493 0.0 2799 0.4 0.k 0.00 0.1 0.1 0.00 0.00 |
501 0.0 2816 0.4 0.4 0.00 1.4 1.4 0.00 0.00 ]
476 0.0 2810 0.5 0.5 0.00 -1.0 =«1.0 0.00 0.00 5
s 0.0 3542 0.3 0.3 0.00 -2.9 =-2.9 0.00 0.00

502 0.0 3579 0.6 0.6 0.00 -0.1 -0 0.00 0.00

477 0.0 3552 0.7 0.7 0.00 -2.7 =2.7 0.00 0.00

u96 0.0 u296 0.4 0.4 0.00 -4,0 -4,0 0,00 0.00

503 0.0 4291 0.7 0.7 0.00 -1.3 =-1.3 0.00 0.00

478 0.0 4283 0.6 0.6 0.00 =5.1 =5.1 0.00 0.00

h97 26.5 3574 218.3 1.2 0.01 305.2 =-43.8 -0.47 0.96

504 26.5 3596 217.9 0.8 o0o.01 303.5 -45.5 -0.48 0.96

480 26.5 3528 217.2 0.1 0.00 298.8 =-50.2 =-0.53 0.96

498 26.5 4340 224.2 -1.6 =-0.02 292.9 -56.1 =-0.60 1.06

505 26.5 384 223.2 -2.6 -0.03 299.8 -u49.2 =0.52 1.06 ?
ug1r 26.5 4373 225.0 -0.8 =-0.01 298.0 -51.0 -0.54 1,06 _
499 26.5 5099 230.3 -1.7 =0.02 300.5 -u48.,5 =0.52 1.13

506 26.5 5132 228.3 -3.7 -0.04 302.8 -u46.2 =-0.49 1.13 |
485 26.5 5103 231.7 -0.3 G.00 2u42.,2 -106.8 -1.14 1,13
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TABLE 7.6

Lift and Drag Characteristics
27/0 Inlet, 10 inch Transition

Hull Drag = 135.0 Hull Lift = 349.,0

Run Vel RPM Drag Di CD1 Life L.1 CLi IVR
513 0.0 2827 0.2 0.2 0.00 -0.8 -0.8 0.00 0.00
507 0.0 2849 0.3 0.3 0.00 -0.6 =-0.6 0.00 0.00
487 0.0 2799 0.0 0.0 0.00 =~1.1 =11 0.00 0.00
514 0.0 3594 0.5 0.5 0.00 -6.3 =6.3 0.00 0,00
508 0.0 3587 0.3 0.3 0.00 -2.8 -2.8 0.00 0.00
438 0.0 3578 0.3 0.3 0.00 -4,0 =-4,0 0.00 0.00
515 0.0 4299 0.5 0.5 0.00 -4,7 -4, 7 0.00 0.00
509 0.0 4280 0.3 0.3 0.00 -4,5 =-u4,5 0.00 0.00
489 0.0 4298 0.5 0.5 0.00 1.1 1.1 0.00 0.00
516 26.5 3539 217.5 0.9 0.01 306.3 -42.7 -0.45 0.95
510 26.5 3560 2171 0.5 0.01 306.7 =-u42.3 =-0.45 0.95
490 26.5 3541 211.3 -5.3 -0.06 298.5 -50.5 -0.54 0.95
51T 26.5 4305 225.4 -0.9 -0.01 300.4 -u48.6 -0.52 1.06
511 26.5 4333 224.4 -1.9 =-0.02 301.9 =-u7.1 =-0.50 1,06
491 26.5 4348 220.9 -5.4 -0.06 290.2 -58.8 -0.53 1.06
518 26.5 5108 228.8 -4,7 =-0.05 300.5 -40.4 -0.51 1.15
512 26.5 5107 227.5 -6.0 -0,06 287.8 -61.2 -0.65 1.15
k92 26.5 5095 222.0 -11.5 =-0.12 300.8 -48.2 =0.51 1.15

v L
el e e
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TABLE 7.7

Lift and Drag Characteristics
2170 Inlet, 6 inch Transition

Hull Drag = 135.0 Hull Lift = 349.0

Run Vel RPM Drag D4 Cpi Lift Ly C,y IVR

519 0.0 2851 0.3 0.3 0.00 -2.5 =2.5 0.00 0.00
537 0.0 2TN =0.1" -0.1 0.00 0.3 0.3 0.00 0.00
547 0.0 2820 0.2 0.2 0.00 -1.6 =1.6 0.00 0.00
520 0.0 3565 o.b 0.4 0.00 -4,0 -4,0 0.00 0.00
538 0.0 3533 0.2 0.2 0.00 -1.3 =1.3 0.00 0.00
54 0.0 3554 0.1 0.1 0.00 2.9 =2.9 0.00 0.00
521 0.0 4269 o 0.1 0.00 -4,0 =~-4,0 0,00 0.00
539 0.0 4256 0.2 0.2 0.00 -3.1 =3.1 0.00 0.00
s4e 0.0 1266 0.2 0.2 0.00 -2.4  -2,4 0,00 0.00
522 26.5 3568 214.3 0.8 0.01 312.5 =-36.5 =-C.50 1.03
540 26.5 3559 212.7 -c.8 =-0.01 313.,2 =-35.8 -0.49 1.03
550 26.5 3573 210.8 -2.7 =-0.04 301.3 ~-47.7 =0.65 1.03
523 26.5 4382 224.1 2.4 0,03 303.9 -45.1 =-0.62 1.14
41 26.5 4376 222.2 9.5 0.01 300.1 =-48.9 -0.67 1.14
551 26.5 u342  218.3 -3.4 -0.05 296.0 -53.0 =-0.73 1.14
524 26.5 5105 227.0 -0.3 0.00 310.6 -38.4 =-0.53 1.21
542 26.5 5119 226.0 -1.3 =-0.02 283.8 -65.2 -0.89 1.21
554 26.5 h932  217.7 -9.6 -0.13 275.1 -73.9 -1.01 1.2%
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TABLE 7.8 %

Lift and Drag Characteristics
21/0 Inlet, 10 inch Transition

Hull Drag = 135.0 Hull Lift = 349.0

Run Vel RPM Drag Di CDi Life L.1 CLi IVR

525 0.0 2811 0.4 0.4 0.00 ~-1.5 =-1.5 0.00 0.00 %
531 0.0 2820 0.2 0.2 0.00 -0.2 =0.2 0.00 0.00

555 0.0 2802 0.0 0.0 0.00 =3.3 =3.3 0.00 0.00

526 0.0 3558 0.5 0.5 0.00 =-2.8 =2.8 0.00 0.00

532 0.0 3582 0.2 0.2 0.00 =1.0 =1.0 0.00 0.00

556 0.0 3%50 -0.2 ~0.2 0.00 =-1.6 ~-1.6 0.00 0.00

527 0.0 4270 0.3 0.3 0.00 -2.3 =-2.3 0.00 0.00

533 0.0 4201 0.1 0.1 0.00 =3.0 =-3.0 0.00 0.00

557 0.C 4242 0.1 0.1 0.00 -2.4 =-2.4 0.00 0.00

528 26.5 3582 213.6 0.1 0.00 308.0 =-41.0 =0.56 1.03

534 26.5 3539 212.2 -1.3 =-0.02 201.8 -47.2 -0.65 1.03

560 26.5 3545  211.4  -2.1 =0.03 300.3 -48.7 =-0.67 1.03

529 26.5 4352 221.9 -1.8 =-0.03 302.6 =46.4 =0.64 1.17

535 26.5 4313 z21.9 -1.8 =-0.03 304.6 -4u.4 -0.61 1.17

561 26.5 4382 220.7 -3.0 -0.04 288.4 -60.6 -0.83 1.17

530 26.5 5106 229.1 2.3 0.03 292.4 -56.6 =-0.77 1.21 %
536 26.5 5114 223.2 =3.6 =-0.05 288.4 -60.6 -0.83 1.21

562 26.5 5060 225.9 -0.9 -0.01 290.7 =-58.3 -=0.80 1.21
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TABLE 8

Loss Coefficient, for all Inlets

Model Nominal Stevens 21/72.50 27/0 21/0
Velocity Impeller ' ’

fps rpm 8 6 8 10 6 10 6 10

0 2180 0.119# .

0 2800 0.119¢# 0.U25# 0.260 0.193 0.146 0.116 0.235 0.230

0 3600 0.166# 0.403# 0.270 0.239 0.170 0.124 0.235 o0.2N

0 4300 0.425# 0.253 0.208 0.170 O0.174 0.273 0.287

26.5 3600 0.247 0.304 0.323 0.312 0.25 0.2715 0.397 0.400

26.5 4300 0.188 0.266 0.304 0.294 0.247 0.244 0.328 0.347

26.5 5100 0.186 0.270+ 0.304+ 0.296 0.262 0.230 0.387 0.413

TABLE 9
Ram Pressure Recovery for all Inlet

Model Nominal Stevens 21/2.50 27/0 21/0 ‘
Velocity Impeller
fps rpm 8 6 8 10 6 10 6 10 i
26.5 3600 0.613 0.520 0.491 0.514 0.595 0.570 0.420 0.420 i
26.5 4300 0.625 0.470 0.414 0.438 0.517 0.522 0.9 0.359 i
26.5 5100 0.574 0.407+ 0.358+ 0,350 O.W15 O0.470 0.222 0.178

TABLE 10
Cavitation Index for all Inlets

Model Nominal Stevens 21/2.50 27/0 21/0
Velocity Impeler

fps rpm 8 6 8 10 6 10 6 10

26.5 3600 1.218 1.127 1.115 1,148 1,165 1.189 1.220 1.200

26.5 4300 0.757 0.657 0.676 0.699 O0.713 0.704 0.733 0.707

26.5 5100 0.488 0.474+ 0.439+ 0,436 O.444 O.4%24 O0.491 0.U77

#No bollard fairing attached at the inlet : i
+Estimated value '
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TABLE N
Boundary Layer Profile

Run No Velocity Inlet Depth Boundary Layer

fps Veloeity in Velocity, %

Ratio free steam R ;

]
566 26.5 0 0.06 843
565 26.5 0 0.1C .913
567 26.5 0 0.20 957
564 26.5 0 0.30 1.000
563 26.5 0 0.50 1.000

ST 26.5 1.16 0.10 .930 ;
568 26.5 1.16 0.20 1.022
569 26.% i.16 0.30 1.057
570 26.5 1.16 0.50 1.035
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Inlet Drag Coefficient, CDi
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Inlet Lift Coeificient, CLi
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Ram Pressure Recovery, RPR
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APPENDIX A
Jet Velocity Calibration

Run Vel RPM Deg Location Top 2nd 3rd 4th 5th Bottom Average Q-tot

334 0.0 2184, 0. Static -1.1 -1.1 -1.1 -1.3 -0.8 -0.6 -1.0%
Dynamic 1.1 1.1 1.2 0.9 0.8 0.3 0.83 0.52
Total 0.0 0.0 0.1 -0.4 0.0 =-0.3 -0.22

365 0.0 2190. 45. Statie 1.1 -1, - -0.9 -1.0 -1.1 -1.16
Dynamic 1.1 1.2 1.1 0.% 0.5 0.8 0.90 0.54
Total 0.0 0.1 -0.1 -0.4 -0.5 =-0.3 -0.26

330 0.0 2182. 90. Static -1.1 =-1.,1 -1,1 1,2 -1.1 -0.9 -1.14
Dynamic 1.2 1.2 1.1 1.1 1.6 1.3 1.26 0.65
Total 0.1 0.1t 0.0 -0.1 0.5 0.4 0.12

Run Vel RPM Deg Location Top 2nd 3rd Uuith 5th Bottom Average Q-tot

335 0.0 2803. 0. Static =2.1 =2.1 -2.2 =2.2 -2.0 -1.8 -2.10
Dynamic 2.1 2.1 2.3 1.3 2.4 1.5 1.93 0.8
Total 0.0 0.0 0.1 -0.9 0.4 -0.3 -0.17

366 0.0 2836. u45. sStatic =2.1 =2.1 =2.2 1,9 =-1.9 -2, -2.16
Dynamic 2.2 2.2 2.2 0.9 o. 1.5 1.68 0.7%
Total 0.1 0.1 0.0 -1,0 =1,1 -0.6 -0.48

331 0.0 2834, 90. Static =2.1 =2.1 =2.3 =-2.3 -2.2 =-2.1 =-2.23
Dynamic 2.2 2.2 2.1 2.0 3.5 3.0 2.56 0.93
Total 0.1 0.1 -0.2 -0.3 1.3 0.9 0.33

Run Vel RPM Deg Location Top 2nd 3rd 4th 5th Bottom Average Q-tot

336 0.0 3533. 0. Statie =-3.6 -3.5 -3.7 -3.7 -3.1 -2.8 -3.40
Dynamic 3.6 3.5 3.9 1.8 3.3 1.8 2.94 0.99
Total 000 000 0.2 -‘c9 0.2 -1 .0 ‘0.“6

367 0.0 3603. u45. Statiec -3.7 -3.7 -3.9 -3.4 -3.2 -3.6 ~-3.66
Dynamic 3.8 3.9 3.8 1.3 1.1 2.4 2.83 0.96
Total 0.1 0.2 =C.1 =2.1 =2.1 =-1,2 -0.83

332 0.0 3609. 90. Static -3.7 -3.7 -3.9 -4,0 =-3.% -3.0 -3.61
Dynamic 3.8 3.7 3.6 3.2 4.8 u. 3.95% 1.16
Total 0.1 0.0 -0.3 -0.8 1.3 1.1 0.34

e




Impeller
rpm

2186
2827
3587
2283
3607
4687
2182
3524

TR-2566
APPENDIX A
(Concluded)

Jet Velocity Calibration

Mass Flow Rate

cfs
0.563 Integrated flow
0.810 Integrated flow
1.018 Integrated flow
0.567 Measured flow
1.000 Measured flow
1.340 Measured flow
0.520 Measured flow
0.920 Measured flow

rate
rate
rate
rate
rate
rate
rate
rate
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